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Defective DNA mismatch repair in neoplasia is
manifested by extra, aberrant bands within mul-
tiple microsateUite markers. the replication er-
ror (RER) phenotype is present in most colorec-
tal and endometrial carcinomas in patients with
the hereditary nonpolyposis colorectal carci-
noma syndrome. In addition, a minority of spo-
radic colorectal and endometrial carcinomas are
RER positive. RER in sporadic colorectal carci-
nomas has been associated with improvedprog-
nosis, but its clinical significance in sporadic
endometrial cancer has not been characterized.
We analyzed DNA extractedfrom 109 formalin-
fixed sporadic endometrial carcinomas for
microsateUite instability. The RER-positive phe-
notype was demonstrated by microsateUite insta-
bility in more than one of the eight dinucleotide
markers tested. RER was correlated with patho-
logical and clinical parameters as weU as with
immunohistochemical staining for the p53 gene
product and alterations in codon 12 of Ki-ras
Ninepercent ofthe endometrial carcinomas were
RER positive, and RER was signiflcantly associ-
ated with high grade and adverse outcome. We
found no significant correlation ofRER with his-
tological subtype, stage, depth of invasion, mu-
tations in the 12th codon ofKi-ras, orp53 immu-
noreactivity. We conclude that the RER
phenotype is present in a minority of sporadic
endometrial carcinomas and is associated with
high grade and poor prognosis. (Am J Pathol
1996, 148&1671-1678)

The observation in neoplasia of somatic alterations
located in simple tandem repeated sequences led to
the postulation of a mutator mutation in genes coding
for replication or repair factors.1 Subsequent studies
have identified these mismatch repair genes as ho-
mologues of the bacterial mutHLS complex.2`6 The
decrease in replication fidelity resulting from such
mutations leads to accumulation of replication errors
(RERs), which can be observed as electrophoretic
mobility shifts in microsatellite markers. This phe-
nomenon, termed microsatellite instability, was first
described in colorectal carcinoma,1 768 and germline
mutations of mismatch repair genes have been im-
plicated in the pathogenesis of hereditary non-
polyposis colorectal cancer (HNPCC).5'6'9-12 RER
has been identified in other carcinomas arising in
patients with HNPCC, including endometrial carcino-
ma,13 which is the most common extracolonic ma-
lignancy in these patients.14

Microsatellite instability has also been identified in
13 to 17% of sporadic colorectal carcinomas.615
These tumors appear to represent a clinical and
pathological subset of sporadic colorectal cancers
that are characterized by high tumor grade,1' 715
improved prognosis,78 and low incidence of alter-
ations of Ki-ras1 and p53.15 RER has recently been
reported in other sporadic neoplasms of the types
associated with HNPCC,16 including carcinoma of
the stomach16'17 and endometrium. 13'16'18 19 Endo-
metrial carcinomas generally exhibit many of the
same genotypic characteristics as RER-positive
colorectal carcinomas such as a low incidence of
p53 and Ki-ras gene mutations.20 22The clinical and
biological significance of RER in endometrial carci-
noma has not yet been characterized. It is of partic-
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ular interest whether the relationship between RER
and both high tumor grade and improved prognosis
observed for colorectal carcinomas might also exist
for carcinomas of the endometrium, as tumor grade
is of more ominous prognostic significance for car-
cinomas of the endometrium than those of the colon.
The purpose of this study therefore was to analyze
the prevalence of RER in sporadic endometrial car-
cinoma and its relationship to genotypic (Ki-ras mu-
tations and p53 gene product overexpression), phe-
notypic (tumor grade and stage), and clinical (age of
onset and prognosis) characteristics.

Materials and Methods

Patient Selection
We analyzed 109 endometrial carcinomas from
patients with no known history of HNPCC. (Two
additional cases were analyzed for several mark-
ers but subsequently excluded when insufficient
paraffin-embedded material was available for
completion of the analysis.) Hematoxylin and eosin
(H&E)-stained slides from each case had been
reviewed previously for determination of depth of
invasion, grade, and tumor cell type in conjunction
with an earlier study.21 Using the criteria of the
International Society of Gynecological Patholo-
gists, the tumors were categorized by cell type into
86 typical glandular endometrioid adenocarcino-
mas and 23 non-endometrioid carcinomas, termed
type and type 11, respectively.23 The type tumors
included 52 grade 1, 17 grade 2, and 17 grade 3
endometrioid carcinomas using the grading crite-
ria of the International Federation of Obstetrics and
Gynecology (FIGO),24 in which low grade denotes
a predominance of gland formation and high
grade its relative absence. The type 11 malignan-
cies included 16 papillary serous-clear cell carci-
nomas (8 pure papillary serous carcinomas, 6 pure
clear cell carcinomas, and 2 with mixed features of
both), 4 undifferentiated carcinomas, and 3 carci-
nosarcomas, which were were not separated by
grade as tumors of this type are all considered to
be high grade. Stage was assigned by surgical
and pathological findings according to FIGO cri-
teria24 in which the presence of metastases at
diagnosis would render a neoplasm at least stage
3, and clinical outcome was evaluated for each
patient from whom it was available at least 12
months after surgery.

DNA Extraction
Based on review of H&E-stained slides, two paraffin
tissue blocks were selected from each case, one

each of neoplastic endometrial and non-neoplastic
non-endometrial tissue (usually uninvolved lymph
nodes and occasionally uninvolved ovarian or cervi-
cal tissue). Tissue sections of 4 ,um thickness were
cut from each block and placed on plain glass
slides. As described previously,2526 non-neoplastic
tissue was selectively removed from unstained sec-
tions of carcinoma under a dissecting microscope
using a serial H&E-stained section as a template
guide. One tissue section from each case was trans-
ferred with a disposable razor blade to 100 ,tl of
xylene in a 1.7-ml nonsiliconized microcentrifuge
tube. An equal volume of 100% ethanol was added
and the samples were pelleted (10 minutes in a

countertop microcentrifuge), dried under vacuum,
and digested overnight in 100 ,ul of 50 mmol/L Tris,
pH 8.3, with 200 ng/,ul proteinase K at 37°C. Sam-
ples were then boiled for 8 minutes, cooled on ice,
and spun 5 minutes to pellet out debris. DNA extrac-
tion was performed in batches of 10 to 14 samples in
which each batch included a reagent-only negative
control.

Polymerase Chain Reaction (PCR) Analysis

Primers were designed to analyze eight highly infor-
mative dinucleotide microsatellite repeat sequences
on chromosomes 2p, 3p, 5q, 1Op, 11p, 13, 17q, and
18q. PCR was performed with an initial denaturation
step of 4 minutes at 940C coupled to 35 cycles of 1
minute at 940C, 2 minutes at a primer-specific an-
nealing temperature (Table 1), and 2 minutes at
720C, followed by a 7-minute completion step at
720C. A 10-,ul volume of PCR product was loaded
with 10 ,tl of 1X Tris-borate/EDTA buffer and 3 ,ul of
loading dye onto 8% neutral polyacrylamide gels
and electrophoresed from 2.5 to 5 hours (depending
on the expected size of the product). The gels were
stained for 15 minutes in 0.5 ,ug/ml ethidium bromide
and photographed with a Polaroid camera using an
ultraviolet light source. For verification of the RER-
positive phenotype, analyses were repeated using
newly extracted DNA for at least two of the markers
demonstrating instability.

Immunohistochemical Detection ofp53
Gene Product

Most mutations in p53 are missense mutations that
prolong the half-life of the gene product. Therefore,



Microsatellite Instability in Endometrial Carcinoma 1673
AJP May 1996, Vol. 148, No. 5

Table 1. Microsatellite Loci Used for Identification of RER in Endometrial Carcinomas

Locus Location Primer sequence TA (OC) Size (approximate) in bp

D2S1 23 2p 5'-GATGCCTGCCTTTAACAGTG-3' 54 230
5'-GAATTGGAGGGGACTTTCCA-3'

HUMCAl 126 3p 5'-ATTCCCTGCATATGATCCCA-3' 52 125
5'-ACCTAAGAGCAATCACTTAAC-3'

D5S107 5q 5'-GATCCACTTTAACCCAAATAC-3' 52 145
5'-GGCATCAACTTGAACAGCAT-3'

D1OS197 1 Op 5'-CGCACCACTGCACTTCAG-3' 52 260
5'-TGGCATGTGAGGTGCCTTA-3'

Dl 1 S904 lip 5'-GCAGGGCTCACACTATGAC-3' 53 210
5'-TGTGTTATATCCCTAAAGGGT-3'

D13S175 13 5'-CCTAATGTACAGTATGGTGG-3' 52 145
5'-CTATGCATCACCTCACATAG-3'

D1 7S1323 1 7q 5'-TAGGAGATGGATTATTGGTG-3' 55 155
5'-AAGCAACTTTGCAATGAGTG-3'

D1 8S34 18q 5'-CAGAAAATTCTCTCTGGCTA-3' 51 115
5'-CTCATGTTCCTGGCAAGAAAT-3'

immunoreactivity for the p53 gene product serves as
a marker for the majority of p53 gene mutations.27 28
Antibody PAb1801 (Oncogene Science, Uniondale,
NY) is a murine monoclonal antibody specific for a
denaturation-resistant epitope between amino acids
32 and 79 of the human p53 protein29 and has been
demonstrated to correlate well with p53 mutation and
gene product accumulation in paraffin-embedded
tissues.28'30 Using the same block of neoplasm se-
lected for PCR analysis, tissue sections of 4 ,tm
thickness were pretreated with microwaving in 10
mmol/L citrate buffer and incubated overnight at
room temperature with the primary antibody at a
1:1000 dilution as previously described.25 After 1
hour of incubation with a 1:200 dilution of biotinylated
anti-mouse IgG (Vector mouse ABC kit, Burlingame,
CA), the tissues were incubated for 30 minutes at
room temperature with 1 jug/ml streptavidin-alkaline
phosphatase (BRL Life Technologies, Bethesda,
MD). The samples were then incubated in the dark
for 1 hour with nitroblue tetrazolium and 5-bromo-4-
chloro-3-indolyl phosphate substrate (BRL) for chro-
mogen development.

Analysis of Ki-ras Codon 12 Mutations
RER was correlated with mutations of codon 12 of
Ki-ras that have been previously reported in this
group of neoplasms.21 Mutations were initially iden-
tified using PCR primers that generated a BstNI rec-
ognition site with the wild-type codon 12 and subse-
quently confirmed by DNA sequence determination.

Statistical Analysis
RER in sporadic endometrial carcinomas was ana-
lyzed for significant association with histological sub-

type, grade, stage, age at diagnosis, and patient
outcome with Fisher's exact test, using Statview ver-
sion 4.01 (Abacus Concepts, Berkeley, CA). In ad-
dition, the presence of RER was correlated with pre-
viously characterized alterations in codon 12 of Ki-
ras21 as well as with immunoreactivity for p53.

Results

Microsatellite Instability and RER in
Endometrial Carcinoma
Successful PCR amplification of eight microsatellite
markers was obtained for 109 tumor and normal
samples. Microsatellite instability generally con-
sisted of additions and deletions of greater than 2
bp. Instability was present in at least one of the eight
tested loci in 27 of 109 (25%) endometrial carcino-
mas, and 10 tumors (9%) demonstrating microsatel-
lite instability in two or more loci (repeated for con-
firmation as described above) were considered to be
RER positive. Examples of RER-positive and RER-
negative tumors are illustrated in Figure 1.

Histological Features of RER-Positive
Endometrial Carcinomas
Of the 10 RER-positive carcinomas, 9 were of the
typical endometrioid subtype (type 1). The 10th RER-
positive tumor had mixed papillary serous and clear
cell components and was therefore considered an
example of a type 11 endometrial carcinoma, which
are generally not associated with unopposed estro-
gen and are typified clinically by aggressive behav-
ior. Overall, 9 of 86 (10%) endometrioid carcinomas
analyzed were RER positive compared with 1 of 23
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Figure 1. Correlation ofRER uwith endometrial tumorgrade. A: A grade 1 tumor is characterized by a predominance ofglandformation (top). There
is no difference in the electrophoretic mobility of microsatellite markers amplifiedfrom DNA extractedfrom normal (N) compared with tumor (7)
tissues from the same patient (bottom). B: A grade 3 tulmor (samnple 6) is characterized by solid growth (top) and is RER positive as demonstrated
by microsatellite instability in multiple markers (bottom). All tumor/normal pairs uere electrophoresed together and photographed simultaneously
(photographs inverted black-to-uhite for illustration).

(4%) non-endometrioid (type 11) carcinomas, but this
difference was not statistically significant.
Among the endometrioid carcinomas, RER posi-

tivity correlated with histological grade. Using the
grading criteria of FIGO, 6 of 17 (35%) grade 3
tumors were RER positive in contrast to 3 of 69 (4%)
tumors of grade 1 or 2 (P = 0.0015). Of the 10
RER-positive patients, 4 presented as stage 1, 3 as

stage 2, 2 as stage 3, and 1 as stage 4. There was no

significant difference in presenting stage between
RER-positive and RER-negative patients, nor was

there a difference found correlating with depth of
myometrial invasion.

Clinical Aspects of Patients with RER-
Positive Endometrial Carcinomas
Patient ages ranged from 31 to 87 years and 47 to 83
years for patients with RER-negative and RER-posi-
tive tumors, respectively. The mean age of both
groups was 63 years. None of the patients with RER-
positive tumors had a history of colorectal carci-
noma.

The clinical outcome of 98 patients was known,
including that of all of the patients with RER-positive
tumors. Overall, 28 patients (28.5%) died of disease
from 1 to 66 months after diagnosis, and 6 of 10
(60%) patients with RER-positive tumors and 22 of 88
(25%) patients with RER-negative tumors died of

disease. When patients with the type carcinomas
were analyzed separately, 6 of 9 patients (67%) with
RER-positive endometrioid tumors died of disease
compared with 7 of 68 patients (10%) whose endo-
metrioid tumors were RER negative (P = 0.0005). All
of the lethal RER-positive type tumors were FIGO
grade 2 or 3. The prognostic significance of RER
could not be separated from that of grade, an estab-
lished adverse indicator in endometrial carcinoma.
The clinical and histological characteristics of the
RER-positive endometrial carcinomas are summa-

rized in Table 2.

Comparison of RER-Positive and RER-
Negative Endometrial Carcinomas
Because RER is inversely correlated with Ki-ras mu-

tations and p53 gene product immunoreactivity in
sporadic colorectal carcinomas, we evaluated the
relationship between these variables in our group of
endometrial carcinomas. Mutations in Ki-ras codon
12 were present in 2 of 10 (20%) RER-positive tu-
mors compared with 11 of 99 (11%) RER-negative
tumors, a difference that was not statistically signifi-
cant (Fisher's exact test). Similarly, the proportion of
nuclear immunoreactivity for the p53 gene product
was the same in both groups: 2 of 10 (20%) RER-
positive and 18 of 96 (22%) RER-negative tumors
demonstrated diffuse nuclear staining.
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Table 2. Summary of RER-Positive Endometrial Carcinomas

Depth of p53
Sample Histological subtype Grade* myometrial invasion Staget Ki-ras codon 12 immunoreactivity Status*

6 Endometrioid 3 Outer third 3 Wild-type - DOD
15 Endometrioid 3 Outer third 1 Mutated (GAT) - NED
17 Endometrioid 1 Inner third 1 Wild-type - NED
31 Endometrioid 3 Middle third 1 Wild-type + NED
35 Endometrioid 3 Outer third 3 Wild-type - DOD
73 Endometrioid 2 Inner third 1 Mutated (TGT) - DOD
90 Endometrioid 3 Outer third 2 Wild-type - DOD
98 Endometrioid 2 Inner third 2 Wild-type - DOD
103 Endometrioid 3 Outer third 4 Wild-type - DOD
112 Mixed clear cell- NA Inner third 2 Wild-type + NED

papillary serous

*Using FIGO criteria. NA, not applicable for these histological subtypes.
tSurgical stage (FIGO criteria).
tPatient outcome: AWD, alive with disease; NED, no evidence of disease; DOD, dead of disease.

Discussion
The molecular events that occur during the develop-
ment of endometrial carcinoma are largely unchar-
acterized but appear to be different than those re-
sponsible for most sporadic colorectal carcinomas.
For example, mutations in codon 12 of Ki-ras are
present in only 12% of endometrial carcinomas21 in
contrast to approximately 40% of carcinomas of the
colon.31 Similarly, whereas overexpression of the
p53 gene product is reported in 50% of carcinomas
of the colon,3032 we observed this in only 18% of
endometrial carcinomas. The pattern of alterations
present in sporadic endometrial carcinoma does,
however, resemble that of a distinctive subset of
colorectal cancers that are RER positive and have a
low incidence of Ki-ras and p53 gene mutations.1' 15
In addition, RER-positive endometrial carcinoma is
common in patients with HNPCC,13 implying that
defects in mismatch repair might be important in the
development of sporadic endometrial cancers as
well. We identified the RER phenotype in only 9% of
sporadic endometrial carcinomas, however, which is
a somewhat lower prevalence of RER in these tumors
than the 11 to 23% reported in smaller se-
ries 13,16,18,19

Differences between reports of RER in endome-
trial carcinoma may result in part from the diversity of
methods used to identify microsatellite instability.
Among studies there is little uniformity in the number
of microsatellites analyzed or in the specific loci
chosen, and as the frequency and degree of insta-
bility vary from one microsatellite marker to anoth-
er,33 such differences may affect results. In addition,
it is difficult to consistently interpret minor alterations
as single 2-bp type 1134 allelic shifts. Our use of
nonisotopic methods in particular had the potential
to make such minor shifts difficult to discern. To

assess this possibility, we analyzed the sensitivity of
nonisotopic methods to detect instability in a small
number of breast cancers that had been previously
characterized with radiolabeled primers for
D13S221, D13S123, and D13S289. We found com-

plete concordance except for a single example of
microsatellite instability in the largest microsatellite
marker (260 bp) that was not evident without isotopic
labeling. This likely reflects the limited ability of
nonisotopic PCR to analyze products of increasing
length,35 but as all but one of the markers used for
this study were smaller than 250 bp, we do not
believe that our use of nonradiolabeled primers in
this study led to a significant underestimate of insta-
bility. Other authors have also demonstrated that
nonisotopic techniques are suitable to identify minor
electrophoretic alterations in dinucleotide repeat
markers.36
An association of the RER phenotype with high

grade has been previously reported in carcinoma of
the colon1l15 but not endometrium. Burks et a119
identified RER in 2 of 5 (40%) grade 3 endometrioid
carcinomas and 5 of 16 (31%) grade 1 and 2 tumors,
and Duggan et al18 identified the RER phenotype in
2 of 10 (20%) grade 3 tumors and 6 of 26 (23%)
grade 1 and 2 tumors. In a third study, 3 of 6 RER-
positive sporadic endometrial carcinomas were
grade 3, but the grade of the 30 RER-negative cases
in that study was not stated.13 In contrast, we did
identify an association of RER with grade, as 35% of
the grade 3 tumors we studied were RER positive in
contrast to only 4% of grade 1 or 2 tumors.

In addition to its association with high grade, RER
also strongly correlated with poor clinical outcome,
reflecting the importance of grade as a negative
prognostic indicator in endometrial carcinoma. In
colorectal carcinoma, however, the RER phenotype
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has been associated with both high tumor grade and
7,8favorable prognosis, as well as the absence of

metastases at diagnosis.1 This discrepancy between
aggressive histology and improved prognosis in the
colon has been postulated to result from peritumoral
inflammatory infiltrates representing the host re-
sponse in RER-positive colorectal carcinomas.15 Al-
ternatively, it has been speculated that the accumu-
lation of mutations in the RER-positive tumor cells
may be detrimental to the neoplastic clone.37 Our
results suggest that, in endometrial carcinomas at
least, this is not the case. We also found that RER in
endometrial carcinoma is not associated with an
early age of onset, in contrast to sporadic colorectal
carcinoma. The distinctive clinical characteristics of
RER-positive colorectal carcinomas are thus absent
from their endometrial counterparts.

Although Shibata et al18 reported that mutant Ki-
ras alleles were more frequent in RER-positive than
RER-negative endometrial carcinomas, we did not
confirm this association. We analyzed p53 gene
product overexpression by immunohistochemistry,
which serves as a marker of p53 gene mutation in
paraffin-embedded tissue.2728 We did not find a
trend toward less frequent staining in RER-positive
tumors that has been reported among colorectal
carcinomas. We did, however, identify a strong as-
sociation of p53 gene product immunoreactivity with
histological type, as diffuse nuclear staining was
present in 6 of 8 papillary serous (75%) carcinomas
compared with 4 of 86 endometrioid (4%) carcino-
mas (P < 0.0001). Interestingly, we did not observe
the RER phenotype in any of 8 pure papillary serous
carcinomas (although 1 neoplasm with mixed papil-
lary serous and clear cell features was RER positive).
Two previous studies of endometrial carcinomas
also failed to identify RER positivity in any of 11
papillary serous carcinomas of the endometri-
um.18 19 These findings suggest that this histological
subtype, which has distinctive clinical features (ad-
vanced age and aggressive course), is genotypi-
cally distinctive as well.

Numerous lines of evidence suggest that defec-
tive DNA mismatch repair is a fundamental cause
(rather than consequence) of malignant transforma-
tion.3839 Models in which the background mutation
rate of normal cells is known can account for only two
or three mutations in each tumor and not the much
larger number of mutations that are generally
present in transformed cells. For multiple mutations
to occur in a malignant clone at a background mu-
tation rate of 1.4 x 10-10 mutations/base pair/cell
generation, virtually every mutation would have to
result in a profound growth advantage.39 In addition,

the mutation rate of cell lines derived from RER-
positive tumors is at least 100-fold that of RER-neg-
ative tumor cells.38 The observation that microsatel-
lite instability is homogeneously distributed
throughout some carcinomas indicates that defec-
tive mismatch repair is an early event that occurs
before tumor expansion,18,37 a hypothesis that is
further supported by reports of microsatellite insta-
bility in dysplastic tissue adjacent to gastric and
colonic cancer.40 41 In only one of our cases were we
able to identify a residual area of atypical endome-
trial hyperplasia, which is a preneoplastic marker of
endometrial epithelium. DNA was isolated and ana-
lyzed from this area and did not demonstrate micro-
satellite instability in any of the eight microsatellite
markers. Analysis of additional examples of endome-
trial hyperplasia will hopefully provide more insight
into the role of defective DNA mismatch repair in the
development of endometrial carcinoma.
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